Background and Purpose: Hypertension has serious effects on cerebral blood vessels. Oxidative stress seems to be implicated in blood pressure elevation, through increased reactive oxygen species and/or decreased antioxidant capacity. Recently blood markers indicating damage to the central nervous system were reported to be increased in hypertensive patients. However, it is unknown whether antioxidant capacity is related to these changes. This study was designed to explore if the concentration of blood markers for nervous tissue damage was associated to antioxidant capacity in hypertensive patients. Methods: Twenty hypertensive patients and 23 healthy controls were studied. They were paired by age, sex, ethnicity, or risk factors. Serum neuron specific enolase (NSE) and S100 calcium binding protein B (S100B) were measured as nervous tissue damage markers, as well as the activity of antioxidant enzymes (catalase, glutathione peroxidase, glutathione reductase and gamma-glutamyltransferase). Results: Serum neuronal specific enolase (NSE) and S100 calcium binding protein B (S100B) concentrations determined by immunoassay were significantly increased in patients vs. controls. The activities of antioxidant enzymes measured by spectrophotometry showed that plasmatic catalase and erythrocytic glutathione peroxidase were significantly increased in patients, but erythocytic catalase was decreased. Gammaglutamyltransferase activity was significantly correlated with S100B in hypertensive patients, while erythrocytic catalase activity was decreased in subjects with higher NSE levels. Conclusion: This preliminary investigation suggested that antioxidant status might be modulated through changes in antioxidant enzymatic activity in hypertensive patients. The association of some of these M. Peña-Sánchez et al.
Introduction
Hypertension (HT) is a common disorder which generates vascular impairment (endothelial dysfunction, altered contractility, and vascular remodeling). It is a major risk factor for cerebrovascular, cardiovascular and renal disease [1] . Renin-angiotensin-aldosterone system, G protein-coupled receptor, inflammation and immune factors have been involved in the pathophysiology of HT [1] . All these mechanisms are related to excess reactive oxygen species (ROS). But whether increased ROS levels are cause or consequence of high blood pressure (BP) still remains unclear [2] . On the contrary the role of antioxidant mechanisms in HT is not consistent. Some studies have found decreased activity of antioxidant enzymes [3] - [7] while others report opposing effects [8] - [11] .
In cerebral blood vessels, HT may lead to arterial occlusions (atherosclerotic plaques), ischemic injury, lipohyalinosis (arteries and arterioles) and reductions in cerebral blood flow. Cerebrovascular dysfunction might be partly induced via activation of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, which is one of the main sources of ROS [12] .
It was recently reported that patients with essential HT displayed elevated serum levels of protein markers for nervous tissue damage: neuron specific enolase (NSE) and S100 calcium binding protein B (S100B) [13] . Nevertheless, only NSE was related to subclinical damage of CNS demonstrated by magnetic resonance imaging in these patients [13] . The association of NSE and S100B with oxidant/antioxidant content has been reported in few diseases. In bipolar disorder, Andreazza et al. [14] found elevated S100B and superoxide dismutase (SOD) activity-an enzyme scavenger of superoxide anion-both in manic and depressed patients. Also NSE levels were found to be increased in patients suffering cardiac arrest, together with high concentrations of malondialhehyde (MDA), a lipid oxidation product [15] . However, we found no reports relating antioxidant capacity modifications in essential HT with subclinical nervous tissue damage. The objective of this work was to explore if the serum concentration of NSE and S100B was related to antioxidant capacity in hypertensive patients.
Methods
Twenty patients with different grades of severity of essential HT participated in the present study. Duration of HT was 13 years (5 -32 years) (median, 10 -90 percentiles). The severity of essential HT was evaluated according to degree of retinopathy and blood pressure levels previous to blood sampling (<140/90 and ≥140/90). The HT status of the study sample was assessed by a trained neurologist using standard criteria formulated by the Joint National Committee VII [16] . The mean (±SD) age was 54.1 ± 6.9 years. All patients completed an interview aimed to ascertain their personal pathological history and medication used. Those with clinical evidence of known neurological disease, malignancies, chronic degenerative or inflammatory diseases, recent infection or trauma were not included.
The control group was comprised of 23 apparently healthy subjects who volunteered to be included in this study-mean (±SD) age was 48.3 ± 10.9 years. The normotensive subjects included did not have a known history of neurological, cardiovascular, liver, renal, inflammatory or malignant diseases. Those referring recent infection or trauma were not included. Before blood extraction, BP was measured in patients and controls on the right arm in a seated position after a 5-min rest period, following the recommendations of Perloff et al. [17] .
Ten milliliters of blood were drawn by venipuncture from patients and controls and collected in dry tubes and K 3 EDTA. Serum S100B and NSE were measured by employing the immunoassay kits CanAg S100B EIA (708-10) and CanAg NSE EIA (420-10) from CanAg Diagnostics AB (Sweden). Specifications of the techniques were detailed previously [13] .
The activities of antioxidant enzymes were determined in erythrocytes. These were lysed in cold distilled wa-ter (1:4) and stored in at 4˚C for 15 min, subsequently removing the cell debris by centrifugation. Erythrocyte and plasma catalase (CAT) activity were determined in accordance with the method of Aebi [18] . The cytosolic glutathione peroxidase (cGSH-Px) activity was determined in erythrocytes according to Paglia and Valentine [19] and glutathione reductase (GR) activity was measured as described by Carlberg and Mannervik [20] . Their values were expressed as units per milligram of hemoglobin. Serum gammaglutamyltransferase or transpeptidase (GGT) activity was measured according to Pasqualetti et al. [21] .
Frequencies of the demographic and clinical variables were calculated. Continuous variables were tested for normal distribution using Kolmogorov-Smirnov test. Normally distributed variables were expressed as mean ± SD. Associations between categories of variables were measured by the χ 2 test and means of continuous data were compared using Student's independent samples t-test. Medians and 10 -90 percentiles were calculated, and the Mann-Whitney U test was employed to compare groups when the sample size was smaller. Correlations between continuous variables were evaluated by calculating Spearman's coefficient (R). Bonferroni's correction was employed for adjusting the p-values. The "optimum" cut-off values were calculated for each protein by receiver-operating characteristics (ROC) analysis. Statistical calculations were performed with Statistica 8.0 for Windows (Statsoft Inc. 2007 ). Statistical significance was achieved if P < 0.05. Table 1 shows the demographic and clinical features of the hypertensive and control groups. No significant differences were observed for mean age, gender, ethnicity, or risk factors (diabetes mellitus, alcoholism and smoke) between the control and hypertensive groups. Almost all hypertensive patients had high BP at the moment of blood extraction (≥140/90). Eighteen patients were receiving antihypertensive treatment; 50% received one or two antihypertensive drugs, while the other half were on more than two drugs (combined therapy).
Results
The protein markers of nervous tissue damage measured are shown in Table 2 . Hypertensive patients had significantly higher serum S100B and NSE concentrations than the control group (p = 0.016 and p = 0.02, respectively).
Enzymatic activity of CAT in plasma was greatly augmented, while CAT in erythrocytes was decreased in patients vs. controls. cGSH-Px activity in erythrocytes was increased in the patient group (Figure 1) . Although a trend towards higher GR and GGT was observed in hypertensives with respect to controls, no significant changes were detected (medians: 30.0 vs. 17.5 U/L, p = 0.053 and 11.2 vs. 7.37 U/L, p = 0.870, respectively). No differences in the activities of antioxidant enzymes were observed between mono and combined antihypertensive therapies in patients after adjusting with Bonferroni's correction.
None of the antioxidant enzymes were associated with the severity of HT measured through degree of retinopathy (0-I vs. II-III) and blood pressure values (<140/90 vs. ≥140/90).
The cut-off values after ROC curve analysis were 11.4 µg/L for NSE (sensitivity −68.4% and specificity −71.4%; AUC: 0.737, p = 0.022) and 76.5 ng/L for S100B (sensitivity −76.5% and specificity −71.4%; AUC: 0.812, p = 0.016). When hypertensive patients were classified according to these cut-off values, significantly lower levels of erythrocytic CAT activity were observed in patients with NSE > 11.4 µg/L (Figure 2(a) ); while GGT activity was higher in hypertensive patients with S100B > 76.5 < ng/L (Z = 2.110, p = 0.035) (Figure 2(b) ). The later was further sustained by calculating Spearman's correlation, which showed a significant correlation between GGT and S100B in hypertensive patients (Figure 3 ). There were no other significant correlations between antioxidant enzymatic activities, NSE and S100B concentrations.
Discussion
Hypertensive patients had significantly higher serum S100B and NSE concentrations than the control group, corroborating what our work group had previously reported [13] .
Decreased erythrocytic CAT and increased cGSH-Px activities could be related to the inhibition of CAT by the presence of superoxide anions in the biological milieu. This inhibition has been reported to generate a ferroxi-catalase form that has low activity for decomposing hydrogen peroxide [22] ; thus cGSH-Px activity could be increased to counteract the high levels of hydrogen peroxide, perhaps through mechanisms of redox regulation.
In the case of pre-hypertensive subjects the elevation of cGSH-Px activity was suggested to be the result of upregulation in order to deal with the excess production of free radicals [9] . In fact Mansego et al. [23] had ob- Enzymatic activities of (a) CAT and (b) GGT according to NSE and S100B cut off levels, respectively (p < 0.05, Mann-Whitney). Abbreviations: CAT, catalase; NSE, neuronal-specific enolase, GGT, gammaglutamyltransferase or transpeptidase; S100B, S100 calcium binding protein B. Correlation between GGT and S100B in hypertensive patients employing Spearman's coefficient. Abbreviations: GGT, gammaglutamyltransferase; S100B, S100 calcium binding protein B.
served a significant association between the CC genotype of the c.-891C > T (rs3448) polymorphism in the cGSH-Px gene and high values of 8-oxo-2'-deoxyguanosine (8-oxo-dG) in the mononuclear cells of hypertensive patients; which was also associated to cGSH-Px activity. Similar findings were described for glutathione Stransferase (GST), where increased GST activity was suggested to compensate the decreased activity of cGSHPx in the blood of elderly patients with essential HT [24] . GST mu-1 (M1) and GST theta-1 (T1) gene polymorphisms (GSTM1-ve and GSTT1-ve respectively) also seem to predict development of essential HT in Egyptian individuals with this pathology [5] . Conversely, in our study the activities of GR and GGT (enzymes involved in the GSH cycle) were not altered in hypertensive patients. Although we could not measure the expression of genes in antioxidant enzymes, these results could be a response to the increased cGSH-Px activity. Impaired enzyme expression response and enzyme inactivation in conditions of oxidative stress are arguments which could explain these changes [25] . Nevertheless, it should be taken into account that antihypertensive treatments have been reported to enhance the activity of these enzymes [25] - [27] , and to reduce the state of oxidative stress [28] - [30] . Furthermore, some antihypertensive drugs seem to have antioxidant effects per se [31] . In the present study we could not exclude this effect, as only 2 patients were not receiving antihypertensive medication. Nevertheless, we analyzed the possible effect of antihypertensive drugs on antioxidant enzyme activities comparing patients who were receiving one or two drugs with those receiving combined therapy, and found no differences between these two therapeutic groups after adjusting with Bonferroni's correction. Although this does not exclude the possibility of our results being influenced by therapy, it indicates at least that multi-medication does not seem to enhance this effect, if present. The association of blood markers for CNS damage and oxidative stress has been explored in treatment refractory schizophrenics and in individuals who had suffered cardiac arrest, where increased NSE and lipid peroxidation (MDA and 4-hydroxinonenal, 4-HNE) concurred [15] [32] . Medina-Hernández et al. [33] suggested that elevated MDA and 4-HNE might alter the permeability of the neuronal cytoplasmic membrane, consequently facilitating the release of NSE. Considering that oxidative damage has been documented in essential HT and extrapolating these results to the erythrocyte, the low activity of erythrocytic CAT and the increase of serum NSE detected in our study could be due to their release from erythrocytes during oxidative injury [8] [34]; although increased serum NSE in hypertensive patients could also be originating from the CNS as we previously suggested [13] .
The CAT gene has been studied in essential HT, showing polymorphisms in its promoter region, c.-844A > G (rs769214) and c.-262T > C, which are related with BP and essential HT, respectively [32] [35] . Recently the T allele of the c.-20C > T (rs1049982) polymorphism in the CAT gene was associated with significantly lower values of either systolic BP or diastolic BP and with the risk for HT [23] .
On the other hand, the association encountered between GGT activity and blood concentration of S100B is of interest. GGT is an enzyme that participates in the transfer of degraded glutathione, for in its reincorporation into the synthesis of glutathione and has also been suggested to be a marker of oxidative stress [36] . Its increased activity in plasma or serum has been related with BP in HT and to risk of cardiovascular and cerebrovascular diseases [37] - [39] . Some authors have suggested that this elevation could be aimed at increasing intracellular glutathione in order to compensate oxidative stress [40] [41]. Although we have not encountered information in the scientific literature associating directly GGT activity and S100B, there are two possibilities to consider: 1) this association could be related to mechanisms originating in the nervous system, and/or 2) the increase of S100B could be related to altered oxidative mechanisms in the periphery which have been reported in HT.
There are some findings which support the association of S100B and oxidative mechanisms in the nervous system. Serum GGT activity and sciatic nerve S100B immunoreactivity were found to be elevated in an experimental model of hyperglycemic neuropathy [42] . Other authors have shown that astrocytes respond to changes in oxygen pressure with reactive gliosis, leading to increased S100B levels [43] . On the other hand, blood S100B can originate from non cerebral sources (renal cells, myoblasts, skeletal muscle cells, skin Langerhans cells) [44] ; thus, its association with peripheral oxidative mechanisms is also possible. Some findings support this hypothesis, as S100B was found to correlate with total thiols in the serum of children with bacterial meningitis [45] . Moreover, in preeclampsia (characterized by HT in pregnancy), Tskitishvili et al. [46] demonstrated increased S100B expression in villous and amniotic tissues under oxidative stress and S100B induction of endoglin (an accessory protein of the transforming growth factor-β, TNF-β) in endothelial cells, leading to endothelial dysfunction.
Considering these results, the simultaneous determination of serum GGT activity and S100B should be further investigated to elucidate their possible prognostic value in HT.
Conclusion
This preliminary investigation shows that antioxidant status is modulated through changes in antioxidant enzymatic activity in hypertensive patients. The association of some of these changes with peripheral markers of damage to the CNS has never been explored, and could indicate that the increased levels of these proteins in HT could be partly related to oxidative stress.
